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Original article

Juvenile hormone promotes flight activity in drones
(Apis mellifera carnica)
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Summary — Drones of Apis mellifera carnica received a single topical application of juvenile hor-
mone III (5 or 10 pg in acetone-hexane) a few days after emergence. This led to flight attempts 2 -
3 days earlier than in untreated control drones which were kept in the same colony. It is clear that juve-
nile hormone in drones acts as a flight stimulus, comparable to its function in worker bees where for-
aging activity depends on high juvenile hormone levels in the hemolymph.

Apis mellifera carnica / drone flight activity / juvenile hormone / flight stimulus / premature flight

attempts

INTRODUCTION

Juvenile hormone (JH) is known to be
involved in many aspects of female insect
reproduction (Engelmann, 1990), a fact
reported by Wigglesworth (1936) in his pio-
neering studies on Rhodnius prolixus. In
contrast to this large body of information,
surprisingly little is known about the role
of juvenile hormone in male reproduction
(Wyatt and Davey, 1996), except that this
hormone accelerates the maturation of the
accessory glands in adults (Happ, 1992).
During early stages of gonadal differentia-
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tion in late larval development, the rate of
juvenile hormone production in drones of
Apis mellifera carnica (Hartfelder et al,
1993) was found to resemble workers more
than queens (Rachinsky et al, 1990). In
pupal drones, no juvenile hormone synthe-
sis could be detected (Tozetto et al, 1995).
According to van Laere (1971), the corpora
allata (CA) are smaller in adult drones than
in queens and workers.

An increase in juvenile hormone III con-
tent of drones from 4 days after emergence
was described by Rembold (1987). Recently
we found a re-activation of the CA in young
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adult drones (Tozetto et al, 1995). In the 9
days following emergence, a steady increase
in juvenile hormone synthesis was observed,
followed by a decrease. Presumably a cor-
responding increase in juvenile hormone
hemolymph titer occurs. Therefore, we
hypothesized that juvenile hormone must
also have functions in the imaginal phase
of male bees, perhaps in part similar to its
manifold effects in adult workers (Robin-
son, 1992).

During the first week of their adult life,
drones stay inside the nest and are fed on
honey and jelly secretions by nurse bees
(Szolderits and Crailsheim, 1993). During
the second week, they become sexually
mature (Mindt, 1962) and begin to fly out of
the hive (Drescher, 1969), now feeding
themselves on comb honey (Wachsmann
and Crailsheim, 1994). Nuptial flights to
drone congregation areas (Ruttner and Rut-
tner, 1965) are then continued till the end
of life, approximately 30 days after emer-
gence (Howell and Usinger, 1933; Fukuda
and Ohtani, 1977).

This temporal switch from intranidal to
extranidal activities in the course of a
drone’s sexual maturation resembles the
house bee to field bee transition in imagi-
nal workers (Ruttner, 1992). First flight
activity occurs during a worker’s third week
after emergence and was shown to depend
on clevated levels of juvenile hormone
hemolymph titer (Robinson et al, 1989),
caused by an increased rate of the hormone
synthesis (Kaatz et al, 1992). By juvenile
hormone application, premature flight (Jay-
cox, 1976; Rutz et al, 1976) and foraging
activity (Robinson, 1985; Robinson and Rat-
nieks, 1987) can be elicited in worker honey
bees.

We hypothesized that the hormone may
likewise promote flight activity in young
drones (Tozetto et al, 1995). This was tested
by application a few days after adult eclo-
sion. The data presented here show that

treatment leads to early flight attempts of
drones.

MATERIALS AND METHODS

All the experiments (table 1) were run during the
late swarming season in June until Mid-July of
1995, a period of warm and sunny weather with
uninterrupted drone flight activity. Drone combs
were collected from strong Apis mellifera car-
nica colonies in the experimental apiary of the
University of Tiibingen. Shortly before emer-
gence of adults, the combs were placed in an
incubator. Groups of drones emerging within an
8 h period were given a cohort specific mark. A
total of about 40 drones of two cohorts of the
same age was introduced per queenright Kirch-
hainer nucleus (fig 1); the Kirchhainer nucleus is
a nucleus colony with four small frames and
about 2 000 worker bees. The final experiments
were run with 12 such nuclei. When 2 - 5 days
old, all drones of a particular nucleus were
removed. Fifteen or 20 drones of a cohort
received a single dose of 10 pg juvenile hormone
Il (Sigma), dissolved in 2 uL. of acetone-hex-
ane (9:1), by topical application onto the
abdomen without narcosis. In a few cases, only
5 pg of juvenile hormone were applied. Since
treatment of adult drones with solvent only (ace-
tone-hexane) is known to have no effect on hor-
mone titer (Tozetto and Rachinsky, 1997), such
controls were not applied here. After treatment,
drones were kept for about 30 min in an incuba-
tor to evaporate the solvent before being rein-
troduced into their nucleus. Fifteen control drones
of the second cohort in the same nucleus
remained untreated (table I). Thus a total of 35
drones was kept in each nucleus colony after the
treatments. With this low number of drones,
losses were widely prevented. Nevertheless, only
the 12 colonies without drone mortality were
used for the experiments.

Flight activity of drones was observed daily,
from late morning through early afternoon, over
a period of 2 weeks after emergence. In earlier
experiments, we observed that unpredictable
numbers of drones got lost in free flying colonies
(Tozetto et al, unpublished data). Therefore, in the
present study only flight attempts were recorded.
This was controlled by means of an entrance
vestibulum placed at the front of the Kirchhainer
nucleus (fig 1). The drones could enter the
vestibulum but not return, because of an unidi-
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Table 1. Effects of juvenile hormone Il treatment on the first flight activity in young drones. In
each of the 12 nuclei colonies a total of mostly 20 treated and 15 control drones, all emerged the same
day, were kept together. Within the series of different treatments, the 12 nuclei are listed according
to age of the drones at the time of hormone application and of first flight attempts, respectively. The
seven cohorts of control drones are listed in analogous order.

Treatment Number of drones per Ageat JH First record Time in
of drones nucleus colony application in the vestibulum between
(days after emergence) (days)
10ug JHIII 15 2 4 2
15 2 4 2
20 3 6 3
6 3 7 4
x=25 x=353 x=28
SugJHII 20 3 5 2
20 3 6 3
x=30 x=55 x=25
10 pg JH I 20 4 5 1
20 4 5 1
20 4 5 1
20 4 6 2
20 5 6 1
13 5 6 1
x=4.3 x=55 x=11
Controls* 30 - 6
30 - 7
20 - 8
20 - 8
20 - 9
20 - 9
50 - 9
x=80

* The seven cohorts of control drones were splitted into groups of 15 which were added to each of the 12 nuclei

containing JH-treated drones of identical age.

rectional drone exit. In addition, a queen excluder
screen was placed over the entrance of the
vestibulum so that the drones could not fly out.
However, drone exit and vestibulum could be
easily passed through by worker bees in either
direction. Entering the vestibulum was considered
a flight attempt. The drones had to stay there to
be recorded only once. Usually we observed that

all individuals attempting to fly out entered the
vestibulum at more or less the same time. When
after about 2 - 3 h flight attempts ceased, the
drones in the vestibulum were collected and
returned into their nucleus. The total number of
treated and untreated drones found per day in
the vestibulum of a particular nucleus was
recorded.
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Fig 1. Nucleus colony with vestibulum in front of it. Drones undertaking a flight attempt were con-
fined in the vestibulum. Only workers could pass the entrance equipped with a queen excluder
screen.

The difference in age at the first flight
attemzpts was statistically evaluated by means of
the - test.

RESULTS

Untreated drones did not appear in the
vestibulum during the first 5 days after emer-
gence (table I). On day 6, only one drone
entered the vestibulum in each of 2 of the
12 colonies. On days 7 and 8, a few drones
were found there. From day 9 after emer-
gence, 20-30% of the drones were recorded
daily in the vestibulum (fig 2). Attempted
drone flight activity dropped sharply by the
end of the second week.

Juvenile hormone-treated drones entered
the vestibulum considerably earlier than
controls. By day 4 after emergence, indi-
vidual drones were recorded in the vestibu-

lum of each of 2 of the 12 colonies. One
day later, in four more colonies a few treated
drones went into the vestibulum (table I).
On days 6 and 7, in all colonies 12 - 15% of
the treated drones were seen in the vestibu-
lum (fig 2). From day 8 to day 12, the fre-
quency of juvenile hormone-treated drones
that showed flight activity ranged around
25% in all colonies. From day 13 on, the
number of flight attempts decreased.

If drones received a single hormone
application soon after emergence, the pre-
mature flight activity was recorded within 2
to 3 days. These flight attempts occurred
significantly earlier than in the controls (P <
0.02). However, if the hormone treatment
was done at an adult age of 4 - 5 days, some
drones entered the vestibulum the next day
(table I). This was also significantly earlier
than in the controls (P < 0.01).
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Fig 2. Temporal pattern of the daily flight attempts in juvenile hormone HI-treated (n = 160) and
untreated (» = 120) young drones, kept simultaneously in mixed groups of 35 individuals per nucleus
colony in eight nuclei in total. The experimental drones received a single application of juvenile
hormone III. The dosage was 5 ug in two nuclei and 10 pg in six nuclei. The age at application is indi-
cated by arrows. Since no dosage and age effects were observed, all the data were accumulated in the

same graph.

DISCUSSION

The recently detected reactivation of the CA
in young drones (Tozetto et al, 1995) sug-
gests a functional role for juvenile hormone
in adult male honey bees. The data presented
here support our assumed function of the
hormone as a promotor of flight in drones, as
previously shown in workers (Robinson,
1992). The steady increase in the hormone
production by the CA of young drones until
day 9 after emergence (Tozetto et al, 1995)
is thought to result in a high juvenile hor-
mone hemolymph titer. The hormone appli-
cation presumably results in a precocious
increase in titer. This physiological condition
may stimulate sexual maturation in general
(Mindt, 1962) and induce the behavioral
switch from intranidal to extranidal activities
in males, in particular the initiation of ori-
entation loops and nuptial flights to drone
congregation areas (Oertel, 1956; Drescher,
1969; Ruttner and Ruttner, 1965).

We hypothesize that drone flight activity
depends on a critical juvenile hormone level
in the hemolymph. By topical treatment the
threshold titer may be attained earlier than
normal, and premature flight attempts will
be initiated. In fact, if juvenile hormone was
applied on day 4 or 5 after emergence, the
drones became active the next day. If, how-
ever, very young drones were treated, this
elicited drone flight activity only 2 to 3 days
later (table I). In all the treated drones, flight
attempts occurred significantly earlier than
in the controls, indicating a distinct effect
of the hormone as a promoter of flight.

This effect is comparable to the role of
juvenile hormone in adult worker bees. Their
flight and foraging activities depend on a
high hormone titer in the hemolymph
attained about 15 - 20 days after emergence.
Precocious outdoor activities have been like-
wise induced by juvenile hormone applica-
tion in worker bees (Robinson and Ratnieks,
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1987) and by methoprene treatment in
drones (Giray and Robinson, 1996). Thus
a common function of the hormone as a hor-
monal factor regulating extranidal behav-
ior and in particular flight activity in social
bees is hereby demonstrated. Earlier exper-
iments on the juvenile hormone effects on
mating flights of young honey bee queens,
however, gave no clear results (Regel, 1978)
and should be repeated.

Additional functions of the juvenile hor-
mone in young drones may be the control
of the final steps in spermatogenesis (Kerr
and Silveira, 1974) and of mucus produc-
tion by the accessory glands (Koeniger and
Koeniger, 1991). Both are known to occur
within a period of about 10 days after emer-
gence and are essential for the attainment
of full sexual maturity of a male bee.
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Résumé — L’hormone juvénile stimule
Pactivité de vol des males (Apis mellifera
carnica). Afin de vérifier I’hypothese selon
laquelle I’hormone juvénile (JH) stimule
I'activité de vol chez les abeilles en général,
des méles dgés de 2 & 5 jours ont regu une
application de 5 ou de 10 ug de JHIIL. Les
méles ont été marqués a I’émergence et
introduits dans des ruchettes de Kirchhain au
sein de petites colonies (2 000 ouvrieres et
une reine). L’activité de vol des méles a été
suivie grice a une entrée placée devant la
ruchette (fig 1). Les observations ont été
faites tous les jours durant les 2 semaines
qui ont suivi I’émergence. Dans tous les cas,
le traitement a I’hormone juvénile a provo-
qué une activité de vol significativement
plus précoce des jeunes méles (tableau I).
Les males traités & cette hormone ont entre-
pris des vols en moyenne 2 a 3 jours plus

tot. Ce n’est qu’au bout de 9 jours que I’acti-
vité de vol des males non traités a atteint la
méme intensité (fig 2). Cette action de 1’hor-
mone juvénile est une preuve que I’activité
de vol des abeilles dépend de la teneur en
hormone juvénile de I"'hémolymphe. Notre
interprétation concorde avec les résultats
récemment publiés (Tozetto et al, 1995) qui
montrent que la synthése de I’hormone juvé-
nile par les corpora allata est réactivée chez
les males adultes. Il existe, dans la littérature,
des données semblables concernant le pas-
sage chez les ouvrieres de I’activité d’inté-
rieur a ’activité extérieure de butinage. Les
résultats des expériences décrites ici confir-
ment le role général de I’hormone juvénile
comme stimulant du vol chez I’abeille. On
attend encore une telle preuve pour le vol
nuptial des reines.

Apis mellifera carnica / activité de vol du
male / hormone juvénile / stimulus / vol
précoce

Zusammenfassung — Juvenilhormon-
Behandlung fordert Flugaktivitit bei
Drohnen (Apis mellifera carnica). Um die
Hypothese zu priifen, dafl Juvenilhormon
bei Bienen generell die Flugaktivitit sti-
muliert, wurden Versuche durchgefiihrt, bei
denen Drohnen 2 - 5 Tage nach dem Schliip-
fen einmal topikal mit 5 bzw. 10 pg Juve-
nilhormon III (JH) behandelt wurden. Die
altersmarkierten Drohnen wurden in klei-
nen Volkern in Kirchhainer Kistchen gehal-
ten. Mittels eines Vorsatzes (Vestibulum)
wurde kontrolliert, ob ein Drohn einen Flug-
versuch unternehmen wollte (Abb 1). Bis 2
Wochen nach dem Schliipfen wurde dies
tiaglich kontrolliert. Die JH-Behandlung
bewirkte in allen Fillen eine signifikant vor-
zeitige Flugaktivitéit der jungen Drohnen
(Tabelle 1). Die JH-behandelten Drohnen
unternahmen um durchschnittlich 2 - 3 Tage
vertriihte Flugversuche. Erst vom 9. Lebens-
tag an waren die Flugaktivitidten der unbe-
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handelten Kontrolldrohnen gleich intensiv
(Abb 2). Im Zusammenhang mit unseren
kiirzlich veroffentlichten Befunden, daf} in
imaginalen Drohnen die JH-Synthese der
Corpora allata reaktiviert wird, interpretie-
ren wir diese Wirkung von JH als Beleg fiir
eine generelle Abhéngigkeit der Flugakti-
vitit bei Bienen von einem hohen JH-Titer
in der Himolymphe. Entsprechende Ana-
lysedaten und Versuchsergebnisse liegen in
der Literatur fiir den Ubergang von der
Stockbienen- zur Flugbienen-Phase bei
Arbeiterinnen vor. Die Ergebnisse unserer
hier beschriebenen Experimente bestitigen
eine allgemeine Wirkung von JH als Flug-
Stimulus bei Bienen. Fiir den Hochzeitsflug
der Bienenkoniginnen steht ein solcher
Nachweis noch aus.

Apis mellifera carnica / Flugaktivitiit der
Drohnen / Juvenilhormon / Flug-Stimulus
/ vorzeitige Flugversuche

REFERENCES

Drescher W (1969) Die Flugaktivitiit von Drohnen der
Rasse Apis mellifica carnica L und A mell ligus-
tica L in Abhingigkeit von Lebensalter und Wit-
terung. Z Bienenforsch 9, 390-409

Engelmann F (1990) Hormonal control of arthropod
reproduction. In: Progress in Comparative
Endocrinology (A Epple, CG Scanes, MH Stetson,
eds) Wiley-Liss, New York, USA, 357-364

Fukuda H, Ohtani T (1977) Survival and life span of
drone honeybee. Res Popul Ecol 19, 51-68

Giray T, Robinson GE (1996) Common endocrine and
genetic mechanisms of behavioral development in
male and worker honey bees and the evolution of
division of labor. Proc Natl Acad Sci USA 93,
11718-11722

Happ GM (1992) Maturation of the male reproductive
system and its endocrine regulation. Annu Rev Ento-
mol 37, 303-320

Hartfelder K, Tozetto S de Oliveira, Rachinsky A
(1993) Sex-specific developmental profiles of juve-
nile hormone synthesis in honey bee larvae. Roux's
Arch Dev Biol 202, 176-180

Howell DE, Usinger RL (1933) Observation on the
flight and length of life of drone bees. Ann Entomol
Soc Am 26, 239-246

Jaycox ER (1976) Behavioral changes in worker honey
bees (Apis mellifera L) after injection with syn-
thetic juvenile hormone (Hymenoptera:Apidae). J
Kans Entomol Soc 49, 165-170

Kaatz HH, Hildebrandt H, Engels W (1992) Primer
effect of queen pheromone on juvenile hormone
biosynthesis in adult worker honey bees. J Comp
Physiol B 162, 588-592

Kerr WE, Silveira ZV da (1974) A note on the forma-
tion of honeybee spermatozoa. J Apic Res 13, 121-
126

Koeniger N, Koeniger G (1991) An evolutionary
approach to mating behaviour and drone copula-
tory organs in Apis. Apidologie 22, 581-590

Laere O van (1971) Physiology of the honeybee corpora
allata: 1. Studies on queens, drones and workers
kept in natural conditions. J Apic Res 10, 119-124

Mindt B (1962) Untersuchungen iiber das Leben der
Drohnen, insbesondere Ernéibrung und Geschlecht-
sreife. Z Bienenforsch 6, 9-33

Oertel E (1956) Observation on the flight of drone hon-
eybees. Ann Entomol Soc Am 49, 497-500

Rachinsky A, Strambi C, Strambi A, Hartfelder K
(1990) Caste and metamorphosis: Hemolymph titers
of juvenile hormone and ecdysteroids in last instar
honeybee larvae. Gen & Comp Endocrinol 719, 31-
38

Regel R (1978) Auswirkungen einer Langzeitbehand-
lung mit unterschiedlichen Dosen von Juvenilhor-
mon I1I auf Verhalten und Fertilitit von Jungkonig-
wanen (Apis mellifica). Mitt dtsch Ges allg angew
Entomol 1. 313-316

Rembold H (1987) Caste differentiation of the honey-
bee - fourteen years of biochemical research at Mar-
tinsried. In: Chemistry and biology of social insects
(J Eder, H Rembold, eds), Peperny, Miinchen, Ger-
many, 3-13

Robinson GE (1985) Effects of a juvenile hormone
analogue on honey bee foraging behaviour and
alarm pheromonc production. J Insect Physiol 31,
277-282

Robinson GE (1992) Regulation of division of labor in
insect socicties. Annu Rev Entomol 37, 637-665

Robinson GE, Ratnieks F (1987) Induction of prema-
ture honey bec (Hymenoptera:Apidae) flight by
juvenile hormone analogues administered orally or
topically. J Econ Entomol 80, 784-787

Robinson GE, Page RE, Strambi C, Strambi A (1989)
Hormonal and genetic control of behavioral inte-
gration in honey bee colonies. Science 246, 109-
112

Ruttner F (1992) Naturgeschichte der Honigbienen.
Ehrenwirth, Miinchen, Germany, 357 p

Ruttner F, Ruttner H (1965) Untersuchungen iiber die
Flugaktivitit und das Paarungsverhalten der
Drohnen. 2. Beobachtungen an Drohnensam-
melpliitzen. Z Bienenforsch 8, 1-9



84 W Engels et al

Rutz W, Gerig L, Wille H, Liischer M (1976) The func-
tion of juvenile hormonc in adult worker honey-
bees, Apis mellifera. J Insect Physiol 22, 1485-
1491

Szolderits MJ, Crailsheim K (1993) A comparison of
pollen consumption and digestion in honey bee
(Apis mellifera carnica) drones and workers. J
Insect Physiol 39, 877-881

Tozetto S de Oliveira, Rachinsky A (1997) Ecdy-
steroide in der Entwicklung von Drohnen. Api-
dologie, 28, im Druck

Tozetto S de Oliveira, Rachinsky A, Engels W (1995)
Reactivation of juvenile hormone synthesis in adult

drones of the honey bee, Apis mellifera carnica.
Experientia 51, 945-946

Wachsmann A, Crailsheim K (1994) Das Verhalten
junger Drohnen (Apis mellifera carnica Pollmann)
im Stock. Apidologie 25, 465-466

Wigglesworth VB (1936) The function of the corpus
allatum in the growth and reproduction of Rhod-
nius prolixus. Q J Microse S¢i 79,91-119

Wyatt GR, Davey KG (1996) Cellular and molecular
actions of juvenile hormone. II. Roles of juvenile
hormone in adult insects. Adv Insect Physiol 26,
1-155



